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THE INTERRELATION OF SMALL BODIES OF THE SOLAR SYSTEM 

A. K. Terent'yeva 1 

ABSTRACT. The author investigates the d i s t r ibu t ion  
o f  s m a l l  bodies (as teroids ,  meteorites, comets and meteoric 
pa r t i c l e s )  by the  magnitude of the  constant ( i n  the f i r s t  
approximation, ho) of the  Jacobi i n t eg ra l  i n  the  l imited 

c i rcu lar  three-body problem. Conclusions : 1. Asteroids, 
meteorites and comets form, on the curve N = f (  ho), pro- 

0' 
nounced independent groups i n  a ra ther  narrow range h 

while the d i s t r ibu t ion  o f  meteoric pa r t i c l e s  i s  more uniform 
over a very wide range h 2. Meteoric p a r t i c l e s  may be 

associated with a l l  t he  above-mentioned small bodies, but 
primarily with short-period comets; 3. A complex and pro- 
found in t e r r e l a t ion  i s  found among systems of small bodies. 

0 ;  

A s  i s  known, cosmogony of t he  solar system i s  re la ted  i n  t h e  c loses t  way ,&* 
with the  problem of t he  evolution o f  small bodies. 
repeatedly t o  approach the invest igat ion of t h i s  exceedingly complicated prob- 
lem from the  viewpoint of c e l e s t i a l  mechanics. Thus, it has been necessary t o  
ignore t h e  e f f ec t  of various physical factors  obviously having de f in i t e  value. 

Attempts have been made 

We are  going t o  consider the  asteroids,  meteorites, comets and meteoric 
p a r t i c l e s  investigated here as small bodies and agree t o  consider any of these 
by the  term " s m a l l  body." 

C e l e s t i a l  mechanics examines the  l imited c i rcu lar  three-body problem. A 
s m a l l  body moves under the influence of t h e  forces of grav i ta t iona l  a t t r ac t ion  
of two bodies: the  Sun and Jupi ter .  The small body i s  taken as a mass point 
of i n f i n i t e  mass and i s  not a t t racted,  but a t t r a c t s .  The Sun and Jupi ter ,  
having f i n i t e  masses, describe c i rcu lar  o rb i t s  about a mutual center of i n e r t i a .  

Even i n  t h i s  approximate mechanical system only one i n t e g r a l  of the equations 
Of motion--the Jacobi in tegra l - - i s  known. 

A s  a basic  c r i t e r i o n  i n  the  study of the  systems of s m a l l  bodies enumerated 
ab.ove, we chose the  value of the constant Jacobi in tegra l .  From t h i s  stand- 
po in t  our goal was t o  continue the  work of A. N. Chibisova ( r e f .  l), T. V. 
Vodop'yanova ( r e f .  2 ) ,  as well  as t h e i r  predecessors C .  Charl ier  ( r e f .  3 ) ,  
A. Klose ( r e f .  4), and others. 
es ted  not  s o  much i n  the  s t ruc ture  of the individual small-body systems as i n  
t h e  general  i n t e r r e l a t i o n  of  t he  smallbodies .  

"'Numbers i n  t h e  margin indicate  or iginal  pagination i n  the foreign t ex t .  
1 

I n  contrast  t o  preceding authors, we were i n t e r -  

Kiev S t a t e  University. 
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Thus, l e t  x, y, z be the l i nea r  rectangular coordinates of t he  small body 
i n  the  ro ta t ing  system having i t s  or igin i n  the  center of t he  mass of t he  Sun 
S, t he  plane xSy corresponding t o  the plane of t he  o r b i t  of Jup i t e r  I and the  
axis Sx passing through the  center of mass I. 

, 
- .  

The equations of motion of the  small body i n  the  l imited c i r cu la r  problem 
o f  three bodies w i l l  be 

/12 
. .  

.b X x - a, . . mi 
-*a2 

x =  2 n , ~ + n ~ x - k 2 - -  . .  R3 klm, ea 1 +mi '1; 

Y '  y = - 2ni; + niy-- ka*- k2m;F; 
.. 

I 

Here R and p are the  distances of the small body from the  Sun and from 
Jup i t e r  respectively; m i s  the mass of Jupi te r ;  t he  mass of the  Sun i s  taken as 

uni ty;  cy 

c i t y  of t h e  motion of Jup i t e r  i n  an orb i t  assumed constant; k 
of a t t r ac t ion .  The Jacobi in tegra l  w i l l  have the  form 

i s  the  mean distance from Jupi te r  t o  t h e  Sun; n i s  the  angular velo- 
j j 2 i s  the constant 

i a + ~ + i ~ = u ' =  2 ( V + h ) 4  

where v i s  the  ve loc i ty  of the  small body i n  the system of  ro ta t ing  axes S x y z ;  
U i s  the  force function and h i s  the  Jacobi constant. Hence, h,expressed by 
the  elements of t he  osculating Keplerian o rb i t  of the  small body, i s  equal t o  

where CY, e a re  the  semimajor axes and eccent r ic i ty  of t he  o r b i t  of the small 
body; i '  i s  the inc l ina t ion  of the o r b i t a l  plane of the s m a l l  body t o  the o rb i t -  
a l  plane of Jupi te r .  The mean motion of Jupi te r  i n  o rb i t  i s  

Proceeding as i n  reference 1, we represent h i n  the form of the  sum of two 
terms--of t h e  basic  ho and correction 6h. 
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Sh 
h The correction Sh can be ignored, because of which the  e r ro r  - i n  the  worst 

case w i l l  be 2-3 percent. 

i s  ca l led  the  Jacobi constant i n  the  f i r s t  approximation. Assuming here i’=i 
(i. e., considering the coinciding planes of the  o r b i t  of Jupi te r  and of t he  
e c l i p t i c ) ,  which gives an e r ro r  i n  h 

uence of inaccuracy i n  the determination of t he  meteor o r b i t  (by photographic 
observations) of about 2 percent, the error  i n  ho f o r  t he  comet o r b i t  i s  of 
course, less. 

Therefore we calculated only the  quantity ho, which 

generally about 1 percent. As  a conseq- 0 

& 

The values of the  constants i n  ho a re  taken as:  
h 

kd=O. 000295912 ; m . =O .00@5479 ; CY .=5.2028. 

We calculated the  values of t h e  Jacobi constants h fo r  the following small 

bodies: 1) 200 o rb i t s  of the meteor pa r t i c l e s  according t o  the  well-known photo- 
graphic observations from Harvard Observatory, while data  were selected uniformly 
during t h e  year with no preference whatsoever fo r  continuous o r  sporadic material;  
2 )  150 “parabolic” comets which obviously must be considered as strongly p ro la t e  
e l l i p s e s ;  3) the  o rb i t s  of 66 meteorites. 

J J 

0 

It i s  well-known t h a t  until recent years there  have been no bas ic  photo- 
graphic observationsof the  t r a j ec to r i e s  of meteorites with the  exception of one 
unique case ( t h e  meteorite r a i n  of Prshibram i n  Czechoslovakia). 
ava i lab le  v i sua l  data, the i n i t i a l  veloci ty  of meteorites i s  not always r e l i a b l e  
or i s  e n t i r e l y  lacking. Therefore, i n  h i s  t i m e  N i s s l  computed 36 meteorite or- 
b i t s  i n  t h e  assumption of three values f o r  the  semimajor axis :  cu=2.0 ( e l l i p s e ) ;  
CY=+- (parabola  ) ; a=-0.5 (hyperbola). I. S. Astapovich l a t e r  s imi la r ly  ca l -  
culated t h e  o rb i t s  for  66 meteorites. He  published some of  them i n  references 5 
and 6. We used h is  calculations for  cw=2.0 and  CY=+^, since obviously the  over- 
whelming majority of the  r e a l  o rb i t s  is spread within these limits. Although 
i n  t h i s  manner we of course do not obtain a prec ise  d i s t r ibu t ion  of h 

meteorites,  t h i s  nevertheless gives some idea of t h e i r  pos i t ion  i n  a s e r i e s  of 
s m a l l  bodies on the  curve N=f( ho) ( see  f igure)  within the  prescribed l i m i t s .  

According t o  

values f o r  
0 

For 70 short-period comets, values of h from reference 2 were used, while 

fo r  each of these comets they a re  taken as the  mean from the  values (undergoing 

0 
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osc i l la t ions  to t a l ing  fl, f2 uni t s  o f  t h e  seventh s ign)  f o r  severa l  of i t s  
appearances. 

For as teroids  the  ho values were taken from reference 1. 

The d i s t r ibu t ion  of N=f( ho) f o r  asteroids, meteorites, comets and meteoric 

107, while on the  ordinate, 
p a r t i c l e s  has been establ ished graphically i n  the  f igure.  
abscissa t h e  h values a re  presented i n  uni t s  of h 

N i s  t h e  r e l a t i v e  frequency i n  percent.  Only one percent of t he  o rb i t s  enter  

the  region of h values from -27OO'lO to -2520.10 , while i n  the  in t e rva l  from 

-2520*10 t o  -1980.10 there  are  generally no o rb i t s  whatsoever, because the  axis  

of the  abscissa from h <-1980-10 

Here, along the  

0 0' 

7 7 
0 

7 7 

7 i s  not indicated i n  the  f igure.  0 

Invest igat ion of the  systems of small bodies from the  viewpoint of s t a t i s t i c s  
of t h e  Jacobi constants permits us t o  make the  following conclusions: 

1. Asteroids, comets and meteorites form sharply expressed independent 
groups concentrated i n  a ra ther  narrow region h when meteoric pa r t i c l e s  a re  

highly dispersed, revealing a weak maximum corresponding t o  the  maximum of shor t -  
per iod comets. 

0 

2. I f  it i s  permissible t o  in te rpre t  a given i n t e r r e l a t i o n  from the  view- 
poin t  of t h e  formation of meteoric pa r t i c l e s  from other small bodies, there  
e x i s t  not one but  several  sources for  the formation of these par t ic les ,  although 
t h e  chief r o l e  m u s t  obviously belong t o  the  short-period comets. 

3. Some port ion of t he  asteroids  and of t he  short-period comets forms a 
t r a n s i t i o n  group of cometoids. 

There a l so  ex i s t s  a region where we may speak of t he  possible  a f f i n i t y  of 
severa l  asteroids,  meteorites, short-period comets and meteoric pa r t i c l e s  simui- 

from meteor astronomy ( re f .  5), t h a t  several  o rb i t s  of comets, of meteor c lus t e r s  
and of meteorites i n t e r sec t  a t  one point i n  space and t h a t  it i s  qui te  possible  
t o  speak of some type of a f f i n i t y f o r a l l  these bodies. 
a given system leads t o  the  thought t ha t  it must have been found r e l a t ive ly  re- 
cent ly .  

taneously. From t h i s  point of view i t  i s  necessary t o  r e c a l l  a f a c t  well-known /15 

The present existence of 

4. Comets of groups ( a )  and ( b )  ( see  f igure)  bas ica l ly  do not reveal  a re- 
l a t i o n  (wi th  the  exclusion of individual cases).  
p ropos i t ion  of the  formation o f  comets of group (a) by means of t he  capture from 
group (b) has not been corroborated although individual  examples a re  possible.  

While somewhat dominant the  

5 Ignoring the  e f f ec t  of physical factors  ( t h e  Poynting-Robertson ef fec t ,  
corpuscular radiation, the interplanetary medium, etc) ,  we allow ourselves the  
r epor t  of t h e i r  important value f o r  the evolution of meteoric material .  
4 
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However, t h i s  bas ica l ly  r e l a t e s  to i t s  more sca t te red  component. The l e f t  p a r t  

7 7 . of the  curve N=f(h ) f o r  h from -2700-10 t o  -1200-10 corresponding t o  meteor 0 0 

par t i c l e s  ( a  t o t a l  of 22 percent) with c y I 1 ,  possibly i s  an i l l u s t r a t i o n  of what 
has been said;  it i s  probably t h a t  the  consideration of physical  fac tors  would 

displace these pa r t i c l e s  from t h e  region h <-1200°10 7 t o  the  region h >-1200.10 7 . 
0 0 

I n  conclusion we note t h a t  only recently there  appeared i n  p r i n t  a work by 
M. Ovendena and A. Roy ( r e f .  7) concerning the  nonuniformity f o r  ra ther  la rge  
time in t e rva l s  of the  use of t he  Jacobi i n t eg ra l  i n  t h e  l imi ted  c i rcu lar  prob- 
lem of th ree  bodies. 
gation of comet-meteor systems, considering the  r e l a t i v e l y  rapid growth of t h e i r  
evolution. 

This circumstance need not be s ign i f icant  i n  the  inves t i -  
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